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Corporate Technology Partners ("CTP") submits these comments in the

Commission's above-referenced proceeding to provide additional validation of the use of

narrow channel transmission combined with dynamic interference-sensing capability (the

"ISCDMA" technology) as an optimum approach to sharing of frequencies with fixed

microwave users. These comments supplement CI'P's earlier ex parte comments filed in

this proceeding on July 9, 1992.

In its earlier ex parte comments, CTP demonstrated that interference-sensing is

an important and viable PCS technology that allows frequency sharing with certainty of

protection for fixed microwave users. Moreover, CTP demonstrated that this technology

should not be rejected because of erroneous conclusions regarding workability cost or



complexity. The technical submission attached as Exhibit I to these comments,l an

independent study of the interference-sensing approach, prepared by TSR Technologies,

Inc. (''TSRIt), further demonstrates the feasibility, cost-efficiency, and simplicity of the

ISCDMA technology.

In its July 9, 1992 ex parte comments CI'P stated:

CfP believes strongly that the best approach to gain necessary
frequency for PCS while preserving a maximum amount of flexibility for
existing spectrum users involves interference sensing of fixed microwave
transmissions, dynamic channel allocation to non-interfering frequencies
and frequency agility to allow PCS handsets and base stations to be freely
moved around the U.S. The advantages of interference-sensing include
increased capacity, certainty of protection for fixed microwave users and
regulatory simplicity. However, the greatest advantage of interference
sensing is that it would allow introduction of PCS without need to move
current fixed microwave users. In fact, in most cases PCS could share with
fixed microwave on a secondary user basis.

Conceptually, the advantages of employing a technology which
automatically adjusts to avoid interference to fixed microwave transmission
and avoids the need to move current fixed microwave users are obvious.
For purposes of practically considering this technology as a viable solution
to the spectrum shortage issues discussed by numerous parties in this
proceeding, however, two questions have to be addressed: Is interference
sensing in fact workable? Does interference sensing add unnecessary cost
and complexity?

CfP's submission also demonstrated both the workability of interference sensing and its

cost efficiency.

1 Exhibit I was prepared prior to the release of the Commission's Notice of
Proposed Rulemaking and Tentative Decision, FCC 92-333 (released Aug. 14, 1992)
(ltNPRM') in this docket. It will therefore be supplemented shortly to address the
specific technical proposals of the NPRM.
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The technical paper submitted as Exhibit I, reflecting analysis performed by TSR

on behalf of and in conjunction with CfP, verifies the previous showings of CfP and

supplements them with more analytical work. The analysis clearly shows that

interference sensing is indeed workable. Further, the analysis demonstrates that the

technology is cost effective because very little modification would need to be made in

equipment already utilizing the current CDMA technology now being produced by

companies such as Qualcomm.

Moreover, while, as noted above, the TSR/CfP technical paper was prepared

prior to the Commission's issuance of the NPRM, the interference sensing approach

would comply with the proposed PCS technical standards set forth in paragraphs 104 ~

Kg. and Appendix F of the NPRM. CfP's forthcoming supplemental technical paper

will demonstrate this compliance. Even without such supplementation, however, it is

evident that the formulas set forth in the technical paper are specifically constructed to

perform the very PCS-fixed microwave interference calculations that would be required

by the NPRM.

While these formulas and the interference sensing approach are proprietary, and

CfP intends to seek patent protection for the technology it has developed, CIP would

license the technology on reasonable terms so that interference sensing may be made

available to the PCS industry and widely implemented. Significantly, this approach

avoids fixed microwave interference mapping, expands capacity in frequency sharing with

fixed microwave, and leads to both certainty of protection for microwave users and

regulatory simplicity.
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Currently, CTP is awaiting grant of an experimental license to further

demonstrate through testing the workability of the technology outlined in CTP's filings

and further confirm the analysis reflected in the TSRJCTP technical paper. CfP hopes

that the Commission will issue the requested experimental license promptly so that CTP

can initiate the next phase of its technical experiments demonstrating the feasibility and

advantages of the narrow channel CDMA, interference sensing approaches designed by

CTP.Y

CONCLUSION

As shown in Exhibit I, a technical paper prepared by a premier consulting firm

whose personnel's research interests have been substantially focused on PCS,

interference-sensing narrow-channel CDMA technology represents an effective and cost

efficient means of facilitating and implementing spectrum co-existence by PCS and fixed

microwave users. The Commission should therefore ensure that its PCS regulatory

Y CTP applied for this experimental license on May 4, 1992.

- 4 -



scheme can accommodate PCS that is implemented using the narrow channel CDMA,

interference-sensing approach developed by CfP.

Respectfully submitted,
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1.0 Abstract

An approach to Personal Communication Systems (PCS) through use of the
interference sensing capabilities of CDMA pilot channels plus all of COMA paging
channels is discussed in this paper. The validity of the theory of providing interference
protection for fixed microwave users through ISCOMA while maintaining a good
communication quality in the ISCDMA system is also demonstrated.

2.0 Introduction

Interference Sensing Code Division Multiple Access (lSCDMA) is a method that
combines an interference sensing approach and spread spectrum techniques to solve the
co-existence problem of Personal Communication Systems (PCS) and existing fixed
microwave links. Various investigations by different companies and research groups [1],
[2], [3] have shown that there is enough spectrum for initial operation of PeS without
reallocating fixed microwave links to other frequencies. One important difference between
the ISCDMA technology and approaches proposed by other companies is that ISCOMA
will actively provide interference protection for fixed microwave users while other
approaches depend passively on the careful engineering of the exclusion zone. Moreover,
if ISCOMA is employed for PeS systems, the portable handset can be desiped for use in
any city in the country. Therefore, ISCOMA demonstrates great potential to be used in
emerging Personal Communication Systems. In order to show ISCDMA technology is
feasible to implement, the protection of interference from the PCS system to fixed
microwave users must be guaranteed. Analysis that describes a way to provide such
protection using CDMA pilot channels and paging channels is presented in this paper.

Equipment implementing Qualcomm's direct sequence code division multiple
access technology (DSCDMA) is assumed in our analysis. Frequency division is
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employed by dividing the available spectrum into nominal 1.228 MHz wide channels[4].
Qualcomm's technolOl)' provides four different sub-channels in each 1.23 MHz wide
forward channel[4]. They are traffic channels. the synchronization channel, paaing
channels and the pilot channel. The pilot channel is used by the mobile to identify the
base station which provides the best signal (that is the strongest and the lowest bit-error
signal) at the mobile. The pilot channel is also used in power control in both directions
and phase tracking, as well as for power allocation in the forward link[5]. AB explained
subsequently, the pilot channel can also be readily used in the ISCOMA system for
interference sensing. In fact, very little modification of the Qualcomm technology is
required for ISCOMA to apply. Coherent detection and non-coherent detection are used
at the mobile and at the base station respectively. More specifications on Qualcomm
OSCOMA can be found in references [4], [5] and other Qualcomm publications.

Most standard fixed operational microwave links have the transmit and receive
frequency offset by 80MHz[2]. While reference [2] shows that some non-standard
microwave links1 exist in some cities, research in [2] finds that the highest number of non
standard microwave links found in any of the eleven largest U.S. cellular markets is only
62. Therefore, we concentrate on a feasibility analysis for an ISCOMA system for the
standard two-way transmission microwave links. In Section 3.0, the interference level
from a single PCS two-way transmission link to a single microwave link is presented. This
analysis is then expanded into the general multi-base stations/mobiles in Section 3.1.
Interference sensing using pilot channels and paging channels for the ISCOMA system is
demonstrated in Section 3.2. 80th references [1] and [2] show that more than one
microwave link operating at the same frequencies3 in different part of a city is common.
The effects of multiple microwave links using the same frequencies on the ISCOMA
sY$tem is presented in Section 4.0.

3.0 Two-Way Transmission Microwave Link with one base
station and one mobile

Figure 1 shows a general interference situation between the PCS system and fixed
microwave stations. In the figure, 8S represents a PCS base station and MICRO
represents a microwave tower. In general, there will be more than one microwave link
and more than one base station and mobile in the market. In this section, we will study
the coupling of energy between the microwave link and the PeS system with the most
simple form, Le. a single two-way transmission link in each system. We can then expand
the analysis to more general cases.

In the figure. microwave station A transmits frequency fl and receives frequency
f2 while microwave station 8 transmits frequency f2 and receives frequency fl. For the
PCS system, the base station transmits frequency f1 and receives frequency f2 while the

1. citbel' simplex or not following standard chanDel plan
2. Lcs Angeles

3. reverse chanDel and forward chanDel
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mobile transmits frequency f2 and receives frequency fl4. Four sources of interference
between the PeS system and the microwave link are possible.

• Interference from Microwave Station A to the mobile lA/mobile

• Interference from Microwave Station a to the base station IBIBS

• Interference from the mobile to Microwave Station A ImobilelA

• Interference from the base station to Microwave Station a ISSIB

FIGURE 1. Mutual Interference of Microwave Link (two way transmission) and PeS system

fl

If there are more than one base station and more than one mobile in the system,
there will be additional interference to the microwave link as well as within the PCS
system. This will be discussed later. For the present discussion, we assume there are only
one mobile and one base station in the PCS system. For the ISCDMA system, the base
station can scan the entire frequency band and measure the interference power from the
microwave station as, ISIBS' and if the maximum transmitter power of the microwave

4. Alternatively, the base station CIIl trlllSlDit frequeuey flllld receive frequeDcy fl while dae mobile trans
mits frequency fl aDd receives frequency fl. In order to provide DWUmwn isoIatiOll betweeD. the PCS sys
tem and the microwave IiDk. the bue statiOD and the mobile sbould traasmit at fJequeaciea that have
minimum mutual interfereDce between the PCS system aDd microwave users. In Fipue 1. we assume that
IAJBS is Iarpr thaD IBIBS•

S. 1be base statioo also measum the interfereDce from the microwave statioD A For the above dilalssiOD.
we assume IBlBs is smaller thaD IAIBS aDd 1helefore the base statiOll decides to traasmit frequeDcy fl rather
thaD frequency fl.

ISCOMA 4



station B is known. then the path loss from microwave station B to the base station can be
calculated from the measured signal level from the microwave tower.

IBIBS(dB) =Pt(B) -PLBIBS+GB+GBS' (EQl)

where Pt(B) is the power transmitted by microwave station B, PLB/BS is the
measured path loss from microwave station B to the base station. GB' GBS are the antenna
gains of microwave station B, and the base station respectively. It should be noted that

IB/BS is based on the known characteristics of the microwave transmitter and is a static
quantity, subject to small changes due to measured signal strength.

If PCS channels are assumed to be reciprocal6 and fl/f2 is close to unity. then the
path loss from the microwave station B to the base station is virtually the same as that
from the base station to the microwave station B. If the transmitter power of the base
station is known. the corresponding average interference power from the base station to
the microwave station is given by:

IBSIB (dB) = IBIBS - Pt (B) +Pt (BS)

where Pt(BS) is the power transmitted by the base station.

(EQ2)

It is desirable to have the interference power level from the PeS system to the
microwave links to be small. One standard is that the interference power should be 6 dB
below the thermal noise level[7]. The maximum interference threshold is denoted as Th.
In order to protect the microwave link from interference caused by the PeS system. the
following inequality must be satisfied.

IBIBS(dB) ~Th+Pt(B) -Pt(BS) (EQ3)

If the base station determines that equation (3) is satisfied. it can transmit
frequency f1 without interfering with microwave station B. This information can then be
sent to the mobile via the paging channel. The mobile then needs to determine whether
the interference from microwave station A is small enough to protect microwave station A
from interference while maintaining a good communication quality in the PeS system.
The figure of merit for determining the quality of transmission of a COMA signal is the bit
energy to noise density ratio (Eb/No). EblNo at the mobile is given by:

6. It is well kDown that path loss inmobile propllltioa channels is cbancteri1ed by 110l-oormal1alle scale
pith loa superimposed by I small scale Rayleip fadiaa[lO]. While larp ICIJe pith lou is DOt seasitive to
small frequeacy cbaDp. small scale fadiDa is extJeme1y seasitive to &equeacy cbIaIe.._ it is prima
rily a pbeDomeDOD of SUperpositiOll of multipath compaIIeots with diffeRDt amplitudes and phIIes. which
can chIDae si.pificmtly even if fiequeDcy chaDps by little. However. Iefereaces [8] IDd [9] show Chat DDS

delay spIeId in miaoceUular propaaatioo eDviroomeDt varies from I few hUDdred DIDOIeCOOda to I few
m.iacleecoads. dependi"l OIl the locatioo. the T-R separatioolDd other fletOn. AJSI,mi"ll rma delay
spIeId value of500 DS. whichcorrespoads to acOOerm:e bandwidth ct 2(XJcBz[lO], I 1.25 MHz baadwidth
can therefore offer &equeacy diversity. Thus. it is justified Chat the pith loss is reciprocal between the base
statiOD and the microwave statiOll althouah &equeacies are oftset by 8OMHz.

ISCDMA
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(
Eb ) = Prmobile/R = Prmobile. PG

No mobile (IA/mobile +11) /W lA/mobile +"
(EQ4)

where PG is the processing gain7, PrmobUe is the power of the desired sipal
received at the mobile which is a function of transmitter power of the base station, location
of the mobile, and the propagation model, and 11 is thermal noise powe,B. It is clear from
equation (4) that if IA/mobile is much larger than Prmobile, the communication quality at the
mobile may not be acceptable.

The interference power lA/mobile is measured at the mobile. The methodology to
measure lA/mobile by pilot channels will be presented in section 3.2. Similar to the above
derivation, microwave station A is protected from interference caused by the PeS system
if the following inequality is satisfied.

IA/mobile (dB) ~ Th + Pt (A) - Pt (mobile) (EQS)

Equations (3) and (5) guarantee protection of microwave users from the PCS
interference. The measured interference powers from the microwave station B to the base
station and from the microwave station A to the mobile are used in equations (3) and (5) to
determine if the interference from the PCS system to the microwave link is below
threshold Th or not.

Horizontal polarization is used for half of microwave links [3] while vertical
polarization is likely to be used in pes systems. The polarization mismatch of the two
systems can provide an extra protection for microwave users. However, we cannot rely on
polarization to provide sufficient isolation between the two systems because
depolarization of electromagnetic waves in a non-line-of-sight channel is generally high.
H channels are assumed to be reciprocal, equations (2) to (5) can be applied without
modification to include polarization effects.

3.1 Multiple Base Stations and Multiple Mobiles

If there are more than one mobile and more than one base station transmitting
frequency fl and receiving frequency f2 in the area of interest, then the interference power
from the PeS system to the microwave system will definitely be higher than obtaining in
the single base station/single mobile case. The interference level within the PeS system
will be higher as well. The summed power of the transmission at the base station can
increase as subscriber demand increases, causing increasing interference to the microwave
users, whereas this could not occur in "normal" demand load operation. The interaction
between multiple base stations with multiple mobiles and a single two-way miccowave

7. Bit rate of 8kb/s is that of aD acceptable toll quality vocoder which Jives processina pin. PO. to be equal
to 154 [4].

8. Thermal DOise power is equal to the thermal DOise spectral density (110) multiplied by the total spteadina
bandwidth W.
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link is considered in this section. By repeating the same argument for different microwave
links, the capacity and performance of the ISCOMA system can be obtained.

Assume there are N mobiles that transmit frequency f2 and receive f1 within the
area of interest. and there are M base stations in the area. The total interference power (in
linear scale) from the PCS to the microwave station A, /PCSIA. can be given by:

(EQ6)

where /AlMi is interference power from the microwave station A to the i-th mobile
and Pt(M;) is the power transmitted by the i-th mobile. It should be noted that the
interference to the microwave station should be multiplied by a fact0r9 of BWII.23 where
BW is the operating bandwidth(MHz) of the microwave station A and 1.23 denotes the
bandwidth of the Qualcomm COMA signal.

Similarly, the total interference (in linear scale) from the PCS system to the
microwave station B. /PCSIB. is as follows.

(EQ7)

where /BIBSi is the interference power from the microwave station B to the i-th
base station and Pt(BSi) is the power transmitted by the i-th base station10. Interference
power from the microwave station B to each base station can be measured prior to the
operation of the PCS system or can be performed on a regular basis. Therefore, to keep
track of the total interference from PCS system to the microwave link, there must be
stored in each base station the interference power from microwave station B to each base
station, the transmitter power of the microwave station and its operating bandwidth.
Also. the difference between Th and /PCSIA as well as the difference between Th and

/PCSIB should always be larger than zero in order to not interfere with microwave station
A and B. Finally, the difference between Th and /PCSIA should be passed to the mobile
over the paging channels to allow computation of interference from mobile units.
Additional means for keeping track of the total interference from the PCS to the
microwave link will be presented in the next section.

Hence. in order to provide protection for the microwave system./PCSIA and /PCSIB
must be less than the required threshold. Every time a new call setup is requested, the

9. 'lbeIe is more thaD ODe COMA reverse clwmel within the q»erati.oa baDdwidth ofmiaowave statiOD A.
The total iDterfereace power from the PCS system to &be microwave statiaD A includes iDIerfereDce power
from all reverse channel. within the operatiDa budwidth of &be microwave statioa. A III equation (6), we
ISsume the iDle1'fereDce power caused by each reverse cbaoDel is &be same.
10. Pt(BSi) is the power traDsmitted by the b.. statioa. i for ODe forWard channel oaly. III equation (7), we
assume Pt(BSj) for forward channels within the operatioa bandwidth of the microwave station B are the
same.
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interference power from the PCS system to the microwave link must be calculated and
ensure it is lower than the threshold. Similarly, every time a call is completed. the
interference power must be updated as well. However, these two inequalitiesll are not
alone sufficient to ensure frequencies fl and f2 are good for operation within the PCS
system because interference power from the microwave link to the pes system may be
too high for the PCS system to have a good communication quality. Consider the reverse
link again (from the mobile to the base station). Ifperfect power control is assumed in the
reverse link. then the bit energy to the noise density level12 at the base station j, (Ebl
NO)BSj, is given byl3:

(EQ8)

where N' is the number of mobiles within the cell of interest, PG is the processing
gain'/oul is interference power due to mobiles that are outside the cell, (EbINo)system14 is
the minimum system performance required, and PRj is the power received at the base
station j due to each mobile with prefect power control. The ratio between the in-eell
noise to total received noise, not including the microwave interference power, is known IS

the frequency re-use factor[6]. Some analysis of the frequency re-use factor is presented
in [6]. However, the results of [6] are not directly applicable to the case here because a
uniform distribution of users was assumed in [6] while there should be more users far
away from the microwave link in order to maximize capacity of the ISCDMA system. If
the power received at the base station due to each mobile within the cell, the maximum
allowable transmitter power by each base station,15 and the interference power from
microwave station B are known, then the maximum allowable users in each cell16 can be
coinputed from equation (8).

If PRj is very large compared to [BIBSj. then the effect of interference from the
microwave station B to the PCS system on the bit energy to noise density ratio at the base
station can be ignored. However, increasing PRj will increue interference on microwave
station A due to the mobile since PRj and Pt(Mi) are related by the following equation:

(EQ9)

11. I'CSIA~Th l,csl,~Th

12. The bit eaor rite (BB) perfOl'lllaDCe. which can be meuured at the bale statioll aDd the mobile. is a
fuDctioa of <EblNo). By measuriaa BER. we can obtain the value of <EblNo) if the modulatioD characteris
tics are known.
13. Voice activity Sain aad sectorizatiOD Sain are ipored to simplify analysis

14. 5dB to 7dB accordiDa to refeteace [5]

15. The maximum allowable trlDSmiuer power depeads OIl the iDterfereuce power from the microwave sta
tion B to that base station. A way to compute the maximum allowable power is preseoted in the Dext sec
tiOD.
16. The maximum allowable users in eachcell should be different. Cells far away from the microwave link
should allow more users than cells close to the microwave link.

~CDMA 8



(EQ 10)

where PLi is the propagation loss (absorbing antenna gains) between the i-th
mobile (i=1.2.... N') and base station j. An appropriate value of PRj can be computed
such that the interference on the microwave link is tolerable while the capacity of the
system is maximized.

Equation (8) ensures the signal quality at the base station (reverse link) is better
than the minimum tolerable quality and together with equation (6) confirms frequency f2
at the reverse link will not cause excessive interference to the microwave station A while
maintaining acceptable transmission quality.

If interference sensing through pilot channels is to give sufficient protection for the
microwave link. pilot channels must become unusable at a threshold where the microwave
link is guaranteed no detectable interference will occur to the fixed microwave link.
Furthermore. the EblNo value of the pilot channel should be above a certain level in order
to maintain a good transmission quality for the forward link. This particular level will be
studied as follows. First. the EblNo ratio of the pilot channel of base station i at the j-th
mobile. (EbINo)pilol iJ. is lower bounded by[S]:

(
Eb ) (1- f3) Pro .• PG
_ ~ I,j

No pilot•. ! li/'4i) +/A/M) +11

where f3 is the amount of power devoted to the subscribers (1-f3 devoted to the
pilot) and PriJ is the power received at the j-th mobile due to the i-th (i=1.2•..•M)base
station.

The EblNo ratio of the information bearing channel at the j-th mobile
communicating with the i-th base station is lower bounded by:

(
Eb ) f3<1>Pr . .• PG (Eb )_ ~ l,j ~ _

No mobilej,j ( ~ P ) / No system
~ r i,i + A/Mj + 1'\
i.l .

(EQ 11)

where <I> is the portion of the power devoted to the subscriber of interest.
Combining equations (10) and (11). we have the following ratio:

.(EQ 12)

Equation (12) relates the bit energy to noise density ratio of the pilot channel to
that of the forward traffic channel. Hence. a threshold that incorporates equation (12) can
be designed at the mobile to reject an unusable forward channel. The mobile receiver
scans through all pilot channels. If the first pilot channel has low power or exhibits bit
error transmission problems. the subscriber terminal continues the scan until it finds a pilot
channel with strong power and low bit error rate. However. these are not sufficient criteria

ISCDMA 9



for selection of the traffic channel because the interference from the PeS system to the
microwave link may be high. Equations (6), (7), (8) and (11) must be satisfied
simultaneously if a frequency pair fIfO is functional in the PeS system while the
interference to the microwave station is tolerable. The pilot channel and pqing channel
are used to satisfy these four requirements as will be discussed in the next section.

3.2 Interference Sensing by Pilot Channels

The criteria for determination of "tolerable" interference caused by pes on
microwave users have been presented in the last section (equations 6&7). The
transmission quality at the mobile and at the base station have been explained (equations
8&11). Four criteria must be satisfied if a duplex COMA channel is to be deemed usable
for communication between the base station and the mobile:

• total interference from PCS to the microwave station A is below threshold

• total interference from PCS to the microwave station B is below threshold

• transmission quality of the forward link of PCS is above a particular performance level

• transmission quality of the reverse link of PCS is above a particular perfonnance level

First consider the forward link, i.e. from the base station to the mobile. We have
demonstrated that the total interference from the PCS system to the microwave station B is
given by equation (7). Therefore, if interference caused by each base station on the
microwave station B is less than ThIM, where M is the total number of base stations, then
the total interference from the PCS system to the microwave station B is less than
threshold and satisfies the second criterion above. If the maximum allowable power at a
particular base station is less than the minimum power to set-up a traffic channel17, then
the forward channel is considered unusable in that cell. Suppose the channel is unusable
for the forward link in L cells18, the maximum allowable transmitter power19 by each base
station is given by:

ThPt(B)
Pt(BSj ) S; (M L)/

- B/BSj

(EQ 13)

The maximum allowable transmitter power of the base station is large if the
interference caused by microwave station B onto that base station is small, and vice versa.
The total allowable transmitter power includes power for all forward channels, i.e., traffic

channels, pilot channels, synchronization channels and paling channels, that are within
the operating bandwidth of the microwave link. Equation (13) provides one way to divide
the allowable transmitter power of base stations by making interference powers from each

17. The miDimum power to set-up a traffic chaDDel includes power fm- each cS the pilot chaDDel. the syn
chroaizatiOll chaDDeL the paaial channel, and the traffic cbannel.[4]

18. L,lBlBSi lII'e fixed qulDtities

19. lDclude power of all fQI'W1I'd channel- within tbe operating blDdwidth ofmkrowave statioo B ofeach
base Statloo

JSCDMA 10



base station to the microwave station B the same. If there are high demands in one
particular cell. the allowable transmitter power of the base station can be increased by
decreasing the maximum allowable power in cells with less demand. The total
interference power on the microwave station is below the specified threshold as long as
equation (7) is satisfied.

Each base station needs to follow two steps to determine if the forward traffic
channel. with an additional mobile. is still usable or not. As a first step. the base station
should estimate the total interference on the microwave station B if an additional mobile is
put into the cell. If the total interference of the forward link on microwave station B
(which is increased by an extra mobile in the cell) is still below the threshold and the
additional user does not cause a degradation of transmission quality of the reverse link to
be below a certain performance level. then the forward traffic channel. with an additional
mobile. is still usable. If one or both conditions are violated. the base station should
indicate to the mobile20 that the forward traffic channel is not available. To sum up. the
following two criterion must be satisfied simultaneously if the forward traffic channel.
with an additional mobile. is to be usable.

• the total interference by the forward link of the pes system onto the microwave station
B. with the additional interference caused by the extra user. is still within the required
threshold

• the transmission quality of the reverse link. with the additional mobile. will be above
the specified performance level

The first condition mentioned above can be checked by equation (7) while the
second condition can be checked by equation (8). Two remaining criteria must be checked
at the mobile.

The interference caused by the microwave station A on the mobile is estimated via
the quality of pilot channels. Signals from different base stations are distinguished by
pseudo-random noise (PN) code with different time offsets[4]. The mobile unit acquires
the strongest pilot by searching (correlating) all 32768 time shifts of the PN code. Based
on these measurements. there are M+l unknowns. PrJ, Pr2, .., PrM. and IAiM. Since
there are more than M+1 equations with M+1 unknowns. IAIM can be determined
uniquely. It can be shown that the solution is quite simple21. Assuming IAiM is known
based on these measurements at the mobile. the mobile then can determine if equation (6)
is satisfied22• with the additional mobile. If equation (6) is satisfied. then criterion number
one at the beginning of this section is satisfied. Next. the mobile needs to check if the Eb/
No of the information bearing channel is above the specified threshold or not. This can be
done by applying equation (12) which relates the bit energy to noise density ratio of the

20. One way to do this is to embed the informatiOD into the paaioa chaDDeL
21. Numerical methods such as Gaussian Elimjn.UOD are DOt aeeded. Tbe exact aJaoritbm to determine
imerfereace from microwave users to PCS depends OIl the specific p..ameters ofpilot ch.nneJ strenath mea
surement which are proprietary to Qualccmm.

22. The oriainal value of interference power from mobiles (without the additiooal mobile) to the miaowave
statiOD A can be passed to the new mobile via the pasiDI channel.
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pilot channel to that of the forward traffic channel. Figure 2 gives a simple algorithm
which explains how the above procedures can be implemented at base stations and
mobiles. A microprocessor that~orms all the above computations can be desiped and
implemented at the mobile uni~3. Equation (6) requires knowledge of the transmitter
power of microwave station A, its bandwidth and the original interference power from
PCS to the microwave station A (without the additional mobile). This information can be
obtained from the base station via the papg channel. However, this introduces
complexity in the mobile unit. An easier way which allows the mobile unit to provide
interference protection for microwave station A is through threshold desip into the
mobile unit. H a worst case design is used, no information needs to be transmitted from
the base station to the mobile unit. Methodology of a worst case design is presented in the
next section.

3.2.1 Worst Case Interference Threshold Design

There are two types of interference experienced by a mobile unit: interference
from neighboring base stations and interference from the microwave station A.
Therefore, it is impossible to compute actual interference power due to microwave station
A based on a single pilot quality (strongest pilot) measuremen~. However, it is possible
to provide an upper bound of interference power from the microwave station A to PCS by
assuming microwave station A being the only source of interference and in turn set a
threshold for interference power from mobile units to microwave station A. This solution
trades simplicity in the mobile unit for a certain loss of capacity. Assuming for the
purpose of setting the necessary interference threshold that all interference received by
PCS mobile units is caused by microwave station A, interference from microwave station
A to PCS should not exceed the worst case interference threshold, Thjnterference, in
order to provide interference protection for microwave users. If the interference power
from mobiles to the microwave station A is divided equally among each mobile, then the
worst case interference threshold is given by:

ThPt (A) mill
JA/ Mj $. N a/t(M.) Y = Th_ interference

m I max max
(EQ 14)

where Ymax is maximum value of BW/l.23, Pt(A)min is the minimum transmitter
power used by microwave station A, Pt(Mi)max is the maximum transmitter power of the
mobile unit and Nmax is the maximum number of mobiles in the PCS system. Therefore,
the ript hand side of equation (14) provides a worst case (minimum) interference
threshold. Interference from microwave station A to the mobile, JAiM;, must no~ exceed
Th interference if the microwave station A is guaranteed interference protection. All
parameters in equation (14), except Nf1IQXt can be found by checking the specifications of
microwave stations and mobile units. The main difficulty lies in the setting of Nmax' H

23. With tbe advauce of microprocessor technology. tbe above computatioas can be daae easily aDd ec0

nomically.
24. Heace. it is not possible to assip a bil-error rate (BER) threshold fer the stroopst pilot clwmel such
that microwave statioo A is guaranteed protection.
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Nmax ii set very small. the system capacity will be limited. On the other hand. ifNmax is
set too larac. the threshold may be too "tight" (i.e.• threshold being too small) so that some
usable reverse channels are rejected from use. Further study is required to determine an
optimum value of Nmax' Also, the degradation of capacity, using a worst cue
interference threshold. needs to be studied as well25. This will be done through further
analysis to be submitted to the Commission.

4.0 Multi-Microwave Links Sharing Same Frequencies

In this section, we expand the analysis of section 3.0 and combine it with the
analysis of section 3.1. That is, the single miaowave link is generalized to multi
miaowave links sharing the same frequencies with multiple base stations/mobiles.
However, only the concept rather than the mathematical detail is presented because the
equations for this case are very similar to those in the last two sections. Assume there are
K miaowave links sharing the same frequencies and denote the stations of each link as Ai.
Bi for i=1,2, .. , K. All the analysis preformed above remains valid if the following steps are
followed.

4.1 Estimation of Path Loss Between Each Microwave Link and Each
Base Station

The total interference power from microwave users to the bue station is a
superposition of interferenCe powers from each miaowave user sharing the same
frequencies. Therefore, the measurement of interference power at the base station is a
sum of interference powers from each microwave station. Equation (1) is modified as
follows to include effects of multiple microwave stations.

K Pt(B j )

IMICROIBSj = EPL .
j -I B/BS}

(EQ 15)

where IMICROIBSj is the interference power from all miaowave users to the base
station j. PLBilBSj is the propagation loss (absorbing antenna gains) from the microwave
station Bi to the base station j. It is easy to show that the propagation loss from each
miaowave station Bi to the base station j is always larger than Pt(Bi)IIMICROIBSj
Therefore, we have a minimum path loss between the base station and each microwave
'station and the maximum interference power from each base station to each microwave
user can be computed. A similar equation can be derived for the propagation loss
between each mobile and each microwave station.

25. It is clear that the approlCh preIeIlted in Sectioo. 3.2 is more complicated tbID thatmSectioo 3.2.1. Tbe
capcity of the famer approech will be biabet thaD that rl die latter oae. Beace. there is I trlde4
betoNeeD complexity aod capacity. If the values rlPt(A) IDd Ydo DOt vary by much. bowewr. the system
capacity usiDa the latter approach will be close to the capacity usiDa the farmer approach.
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4.2 Interference Protection

Interference protection for microwave stations can be achieved by applying (6)
and (7) for all the microwave stations. That is, A and B in equations (6) and (7) becomes
Ai and Bi, and we need to determine if equations (6) and (7) are satisfied or not for K
times.

4.3 PCS Communication Quality

The criteria for good communication quality of the PCS system is the same as
before. No matter whether there is one microwave link or there are multiple microwave
links sharing the same frequencies, equations (8) and (11) must be satisfied in order to
provide the minimum performance level. The only modification in equations (8) and (11)
is that the sum of the interference power from multiple microwave stations must appear in
the denominator rather than just interference from only a single microwave station.

5.0 Conclusion

We have established criteria for a frequency-division CDMA duplex channel to
have tolerable interference to microwave links while maintaining a good communication
quality in the PCS system. By measuring interference power at the base station and
assuming reciprocity of path loss holds for forward and reverse channels, the interference
power to the microwave station can be estimated if its transmitted power is known.· The
pilot channel as well as the paging channel are used to ensure all the criteria explained in
section 3.2 are satisfied simultaneously. At the mobile, the communication quality of the
forward link can be estimated by measuring the transmission quality of the pilot channel.
IT the transmission quality of the pilot channel is above a certain threshold, then the mobile
needs to check whether the mobile will cause excessive interference to microwave users.
Therefore, the transmit and receive frequencies of microwave links as well as their
corresponding transmitter powers and operating bandwidths must be stored at each base
station. This information then needs to be sent to the mobile via the paging channel.
Alternatively, for simplicity in the mobile unit, a worst case interference threshold can be
used to ensure interference protection for microwave users while avoiding transmission of
microwave station parameters from the base station to the mobile unit. No interference
mapping is required since all interference computations are done autonomously at base
stations and mobiles. Also, we have discussed briefly how to expand the model to include
the effects of multiple microwave stations sharing the same frequencies. Hence, we have
demonstrated how ISCDMA can be used to solve the co-existence problem of the PCS
system and fixed operational microwave users. It is clear that ISCDMA is a cost-efficient
method since minimum modification of current Qualcomm technology is required and no
frequency availability map is needed. Moreover, this approach provides certainty of
protection for fixed microwave users, and allows co-primary or even secondary use of the
1850-1990MHz band by a PCS system Therefore, ISCDMA is an efficient and effective
spectrum sharing technology for the emerging Personal Communication Systems.
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